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LONGITUDINAL AERODYNAMIC CHARACTERISTICS OF A 
FLAPPED TILT- WING FOUR- PROPELLER 
V/STOL TRANSPORT MODEL 

By Kenneth W. Goodson 
Langley Research Center 

SUMMARY 

An investigation of the aerodynamic characteristics of a 1/11- scale model of a 
four-propeller tilt-wing V/STOL transport configuration has been conducted in the 
17-foot test section of the Langley 300-MPH 7- by 10-foot tunnel. Tests were made of 
the model through the transition- speed range for various combinations of wing tilt angle 
and thrust coefficient using propellers having a blade pitch of 12°. Some tests were made 
in ground effect. 

Tuft studies indicate that flow separation occurs at descent angles of about 6° at 
some transition speeds. The descent capability, therefore, should be at least 6° and may 
be greater depending on the intensity of buffet encountered on the actual aircraft. Con- 
siderable improvement in descent capability was obtained by extending and drooping the 
leading edge of the wing or by using a lower propeller-blade pitch angle of 8°. 

INTRODUCTION 

The results obtained from various tilt-wing V/STOL investigations (refs. 1 to 15) 
indicate that the flapped tilt wing is an attractive configuration for a vertical-take-off- 
and- landing aircraft. One of the primary problems of a tilt-wing configuration is the 
wing stall in transition and the associated limit on rate of descent and deceleration capa- 
bility. (See ref. 16.) 

The present investigation was undertaken to study these problems in transition both 
in and out of ground effect on a four-propeller tilt-wing configuration. The investigation 
was conducted on a 1/11-scale model in the 17-foot test section of the Langley 300-MPH 
7- by 10-foot wind tunnel. Other work on this configuration is reported in references 17 
and 18. Flight tests on this configuration are being conducted. 



SYMBOLS AND COEFFICIENTS 


This investigation covered the conditions representing the complete transition- 
speed range from hovering to conventional flight. In order to avoid the problems of con- 
ventional coefficients approaching infinity as the hover condition is approached, the data 
are presented in the form of coefficients based on the dynamic pressure in the slip- 
stream. These coefficients reduce to the conventional form at zero thrust, that is, 
power-off test conditions. The coefficients based on slipstream dynamic pressure are 
indicated by the subscript s. The slipstream coefficients can be converted to conven- 
tional coefficients by dividing by (l - C-p s ); that is, 

C = Cl > s 
L " - C T,s) 

The positive direction of forces, moments, and angles is indicated in figure 1. Data 
for the complete model are presented about the stability axes with moments presented 
about the center of gravity as shown in figures 1(a) and 2. The propeller data are pre- 
sented about the body axis, with propeller moments referred to the center of the propel- 

ler. (See fig. 1(b).) 

Measurements for this investigation were taken in the U.S. Customary System of 
Units. Equivalent values are indicated herein in the International System of Units (SI) in 
the interest of promoting the use of this system in future NASA reports. Details con- 
cerning the use of SI, together with physical constants and conversion factors, are given 
in reference 19. (Also, see appendix.) 

b wing span, ft (meters) 

c wing chord, ft (meters) 

c wing mean geometric chord, ft (meters) 


Pitching moment 
qSc 

Rolling moment 
~~ qSb 


CD 

c l 

Cm 


drag coefficient based on free stream, 
lift coefficient based on free stream, 


Drag 

“qS" 

Lift 

qS 


pitching-moment coefficient based on free stream, 


'l 


rolling-moment coefficient based on free stream, 
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yawing- moment coefficient based on free stream, 


Yawing moment 


side-force coefficient based on free stream, 


Side force 


drag coefficient based on slipstream, 


Drag 


lift coefficient based on slipstream, 


pitching-moment coefficient based on slipstream, 


Pitching moment 


averaged slipstream thrust coefficient based on slipstream and total thrust 
„ Thrust 


of all propellers, 


<i s N2L f- 


(^T,s) nominal thrust coefficient used to identify curves, usually C-p s , at a = 0° 


'T,s,p 


slipstream thrust coefficient of individual propeller, P ro P e H er thrust 


thrust coefficient of individual propeller, 


power coefficient of individual propeller, 


Propeller thrust 


pn 2 D 4 


27rnQ 

pn^D^ 


normal-force coefficient of individual propeller, P r °P e ^ er normal force 

<ls s 

pitching-moment coefficient of individual propeller, 

Propeller pitching moment 

V6 

side-force coefficient of individual propeller, P r °P e ^ er s ^ e force 

0 . 8 ^ 


yawing-moment coefficient of individual propeller, 
Propeller yawing moment 
q g Sb 

propeller diameter, ft (meters) 

fuselage bottom height above ground, ft (meters) 


ratio of fuselage height to wing mean geometric chord 
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iw 

M 

N 

n 

Pb 

Q 

q 

Qs 

R 

r 

S 

T 

T P 

V 

v 

W 

x 

a 


horizontal-tail incidence angle with respect to fuselage reference line, deg 
wing- incidence angle with respect to fuselage reference line, deg 
pitching moment, ft-lbs (meter-newtons) 
number of propellers 


propeller revolution per second, rps 

pressure on fuselage bottom, lb/ft2 (newtons/meter2) 

propeller torque, ft-lbs (meter-newtons) 

free-stream dynamic pressure, ipV^, lb/ft2 (newtons/meter2) 
slipstream dynamic pressure, q + — lb/ft2 (newtons/meter2) 


maximum radius of propeller, ft (meters) 


propeller radius to any section, ft (meters) 
wing area, ft^ (meters2) 
total thrust of all propellers, lbs (newtons) 
thrust of single propeller, lbs (newtons) 
free-stream velocity, ft/sec or knots (meters/sec) 
propeller-induced velocity, ft/sec (meters/sec) 
weight of aircraft, lbs (newtons) 

distance along bottom of fuselage from center line of inboard propellers when 
tilted up to 90° (see fig. 2), ft (meters) 

angle of attack of fuselage reference line, deg 
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p 

^.75R 

r 

6 f 

6 V 

6 n 

P 


angle of sideslip, deg 

propeller blade angle, measured at the 75-percent radius location, deg 

1 

flight-path angle, tan" deg 

'-'L 

flap deflection, deg 

vane deflection, deg 

leading- edge nose-droop angle, deg 

mass density of air, slugs/cu ft (kilograms/meter^) 


Subscript: 

max maximum 


MODEL AND APPARATUS 

A drawing of the 1/ll-scale complete model showing the important dimensions and 
other physical characteristics is presented in figure 2. The drawing shows the wing at 
zero and 90° incidence. The wing construction consisted of an aluminum box spar 
covered with mahogany to obtain the airfoil contours. The wing was fitted with a double 
slotted flap (see fig. 3). The propellers were mounted 5.6 percent propeller diameter 
below the section wing chord line. When the double slotted flap was deflected 0°, 40°, 
and 60°, the flap vane angle was 0°, 10°, and 30°, respectively. 

The fuselage was constructed with an aluminum strongback covered with mahogany 
panels. A sketch showing the fuselage cross sections is presented in figure 4. The wing- 
incidence angle could be changed remotely through an angle range from 0° to 90° with an 
electric motor operated mechanism; the angle was determined with a calibrated linear 
slide-wire potentiometer. Wing-fuselage ramps used to improve the airflow in the cen- 
ter section are shown in figure 5. 

The horizontal tail could be set at various incidence angles. The geometric char- 
acteristics of the propellers are shown in figure 6. The four-blade propellers were con- 
structed of resin-bonded glass fibers over a balsa wood core. The propellers were 
driven by four variable-frequency 7 ^- horsepower electric motors. The directions of 
rotation are shown in figure 2. Each electric motor was instrumented to record the 
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propeller thrust, torque, normal force, and pitching moment, or if rotated 90° about its 
axis, to record the side force and yawing moment. 

Photographs of the sting- supported model mounted on an electrical strain-gage 
balance in the 17-foot test section are shown in figure 7. Figure 7(b) shows tufts on the 
wing and fuselage which were used to study the airflow near a fixed ground board. 

Figure 8 shows details of two leading- edge slat configurations used on the model. 
Figure 9 shows the wing chord extended 10 percent with the 10-percent-chord leading 
edge drooped 10°. Location of pressure orifices on the bottom of the fuselage is shown 
in figure 10. 


TESTS 

The investigation was conducted in the 17-foot test section of the Langley 300-MPH 
7- by 10-foot tunnel which is described in reference 2. 

Power-off (propeller removed) tests were made at a free-stream dynamic pres- 
sure of approximately 10 pounds per square foot (478.8 newtons/meter2). Power-on 
tests were made over a slipstream thrust- coefficient range from 0 to 1.0. 

Thrust- coefficient calibrations were obtained by setting the model wing and fuse- 
lage at zero angle of attack and measuring the model drag through a tunnel speed range 
for power-off (propellers removed) and power-on (constant propeller revolutions per 
minute and constant propeller-blade pitch angle). These results were used to compute 
thrust-coefficient variation with tunnel speed. From a curve of these results, the tunnel 
speed desired for a given thrust coefficient (with propeller rotational speed held constant 
at the calibrated value) at zero fuselage angle of attack could be determined for the var- 
ious wing- flap conditions. The thrust coefficient established at zero angle of attack, 
however, did not remain constant with change in model angle of attack because of change 
in propeller characteristics with change in angle of attack as seen on the various data 
figures. The solid symbols on the figures indicate zero angle of attack. 

It should be noted here that, at the beginning of the test program, the thrust of all 
propellers was matched through the speed range; however, as will be noted in the pro- 
peller data for some wing-flap thrust- coefficient conditions, this match did not hold, as 
is discussed in the section entitled "Effect of Propeller Blade Pitch." 

Ground-effect tests were made at two heights (h/c = 0.74 and 2.70) over the fixed 
ground board. The model heights were measured relative to the bottom of the fuselage. 
The propeller rotational speed used in the ground- effect tests (7500 rpm) was higher than 
that used out of ground effect (7000 rpm) because of warpage of the propeller blades 
which occurred during the several months between the out- of- ground- effect tests and the 
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in-ground- effect tests. To correct for this warpage, the propeller rotational speed was 
adjusted to give approximately the same thrust as that used for the earlier runs. 


The Reynolds number of these tests based on the wing mean aerodynamic chord of 
8.8 inches (22.35 cm) and the aforementioned slipstream dynamic pressure was about 
0.51 x 10 6 . 

A study of the effects of tunnel walls on the aerodynamic characteristics of V/STOL 
configurations (ref. 20) using the method of reference 21 shows that, for small model-to- 
tunnel-size ratios, the corrections to lift and drag are small. This study (ref. 20) also 
shows that corrections to the pitching moments are in the wrong direction. In view of 
these findings and the relatively small size of the present model, model corrections have 
not been applied to the present results. 

PRESENTATION OF RESULTS 

Results of the present investigation are presented in the following figures: 

Figure 

Out of ground effect - 

Comparison with and without tufts 11 

Effect of thrust coefficient 12 to 14 

Effect of wing incidence 15 to 16 

Effect of horizontal stabilizer: 

(a) Power off (propellers off) 17 

(b) Power on 18 to 21 

Effect of propeller-blade angle (also includes propeller force and 

moment data): 

(a) (3 = 12° 22 

(b) /3; 75R = 8° 23 

Comparison of Sj to S 2 slats 24 

Leading- edge chord extension with nose droop 25 

In ground effect - 

Effect of thrust coefficient (also includes propeller force and 
moment data): 

(a) h/c = 0.74 26 

(b) h/c = 2.70 27 

Pressure ratio on bottom of fuselage 28 

Tuft studies 29 to 33 

Transition characteristics - 

Assumed wing-tilt flap- deflection program 34 

Transition characteristics at fixed wing incidences 35 
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Figure 


Effect of horizontal tail 36 

Descent and deceleration characteristics: 

Comparison of criteria 37 

Effect of flap deflection 38 

Effect of various alterations including ground effect 39 


DISCUSSION 

Many of the results obtained in this investigation are similar to those obtained on 
other tilt- wing configurations (refs. 1 to 15) and are, therefore, not discussed in detail. 
The data are presented, however, to be available for future analysis and correlation with 
flight and large- scale- model results. The discussion is restricted primarily to those 
items related to the problem of wing stall in transition and the associated descent and 
deceleration limitations which was the primary purpose of the investigation. 

Transition Characteristics 

The significant results of the investigation can be discussed best on the basis of 
the transition characteristics of an assumed airplane as calculated from the basic data. 
For this purpose the model was assumed to be a l/l 1- scale model of an airplane oper- 
ating at a wing loading of 70 pounds per square foot (3350 newtons per square meter). 

The flap was assumed to be programed to deflect with wing incidence as shown in fig- 
ure 34 with the 60° flap deflection representing a landing-flap condition and the 40° 
deflection representing take-off flaps. The symbols in figure 34 represent combinations 
of flap deflection and wing incidence for which basic data are presented. 

Typical variations of pitching moment, fuselage angle of attack, and thrust required 
for steady-level flights are shown in figure 35 for selected wing-incidence angles repre- 
senting the landing-flap program. Except for large negative angles of attack of the fuse- 
lage, the thrust required is relatively independent of wing incidence; that is (as also 
shown in fig. 16), the transition characteristics are dependent on the angle of attack of 
the wing (wing incidence plus fuselage angle of attack) with respect to the free- stream 
flow and are little affected by the fuselage attitude with respect to this flow at the rela- 
tively low speeds involved in transition. At the higher speeds the change in drag with 
fuselage attitude would be more important, but this drag effect is not significant in the 
range of the present tests. 

The wing incidence required for transition with zero fuselage attitude (with the 
landing-flap program) and the effects of horizontal-tail incidence are presented in fig- 
ure 36. The stabilizer settings required for trim at the high-speed end of transition 



were not covered in the basic data; but, the reduction in effectiveness of the tail as a 
trimming device as the speed is reduced is readily apparent from the comparison of the 
moments for 10° and 20° stabilizer setting. The tail rotor that would be required for 
trim and control at low speeds was not included on the model. 

Descent Characteristics 

One of the main purposes of the investigation was to study the wing stall in transi- 
tion and to determine the relation of the onset of stall to the descent and deceleration 
characteristics of the configuration. The wing of the model was, therefore, covered with 
tufts in order to obtain a visual indication of flow separation to correlate with the force 
data. As shown in figure 11, these tufts caused a small reduction in lift and an increase 
in drag on the configuration with the flaps retracted. These effects were accepted in 
order to be able to study the stall pattern in the transition range. 

Two possible methods of determining the descent boundary were investigated: One 

method, referred to as the C L max boundary, was based on the drag-lift ratio achieved 
at maximum lift coefficient. The other, referred to as C L tu ft s tall> is based on the 
drag-lift ratio at which flow breakdown (as indicated by the tufts, figs. 29 to 33) occurred 
on the part of the wing in the propeller slipstream. Descent boundaries for the fuselage 
level attitude obtained by using the present data at max and at Cl ^ tuft stall are 
presented in figure 37. The descent boundary based on Cl max shows a descent capa- 
bility of about -4° for i w ~ 20° to =45° (Vk ~ 60 to 30 knots or 31 to 15 meters/sec); 
whereas, tuft- stall boundaries indicate a descent capability of -6° and greater. Compar- 
ison of these descent boundaries obtained from the wind-tunnel results with boundaries 
obtained on a scaled free-flight model (also shown in fig. 37) shows good agreement when 
compared with the tuft-stall boundaries. Preliminary flights of the full-scale airplane 
indicate that the airplane can achieve appreciably higher descent angles than those pre- 
dicted by the model on the basis of the initial flow separation. The flight-test results to 
date, however, are based on pilot reports of buffet. There is at present no indication of 
the amount of flow separation that would be required to produce the observed buffet. 

Figure 38 illustrates the importance of flap-deflection angle on the descent capa- 
bility. Note that for 5 f = 40°, the flight-path angle is essentially 0° in the 40-to- 60-knot 
(21-to-31 m/s) speed range as compared with -6° or more for 5f = 60°. 

The reduced descent capability in ground effect shown in figure 39 (although of no 
practical significance in the descent angle sense, because the airplane is so close to the 
ground) is indicative of the reduction in maximum lift coefficient and the change in drag 
coefficient observed when comparing the out-of-ground and in-ground effect data of fig- 
ures 14 and 26. A comparison of the maximum lift coefficient out-of-ground and 
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in-ground effect for i w = 40° and 6 f = 60° at C T s ~ 0.82 shows the maximum lift 
coefficient is reduced from about 2.0 to 1.65 for h/c = 0.74 or about 17 percent. 


Effect of Configuration Changes 

Effect of propell er-blade pitch.- The results of figure 39 (obtained from figs. 22 
and 23 and tuft pictures) show that reducing the propeller-blade pitch angle from 12° 
to 8° made tremendous improvement in the descent capability of the tilt-wing configura- 
tion especially at high wing-tilt angles. For example, for the high wing-tilt angle tested 
(i w = 40°) with the fuselage level the descent angle was increased from -7° to -17°, and 
for the lower wing-tilt angle (i w = 20°) it was increased from -5.5° to -8.0°. 

Whether the aforementioned results obtained with small-scale propellers represent 
results that would be obtained with the full-scale propeller characteristics (induced 
flows, rotational effects, and so forth) on a full-scale airplane or are associated with 
model scale effects has not been determined. However, analysis and data obtained on 
propeller- driven configurations with a wing immersed in the propeller slipstream 
(refs. 16 to 18) have indicated that the direction of propeller rotation, propeller-blade 
angle, and propeller-power- absorption characteristics could be expected to have an 
effect on the aerodynamic characteristics of such configurations. 


A simplified analysis, based on propeller momentum and power considerations, 
indicates that upwash and downwash at the wing leading edge due to the up-going and 
down-going blades is proportional to the power-to-thrust-coefficient ratio as indicated 
by the following equation: 


Cp 3 


v 


Aa= f 


C T IT 
V + 2v 


This change in local angle of attack indicates that a propeller having a relatively low 
pitch angle would absorb less power per unit thrust than would a large blade angle, and, 
as the equation indicates, the upwash behind the blade would be reduced, thereby reducing 
the local wing- stall angle (Aa). A reduction in local wing stall should improve the 
descent capability. 

As mentioned in the section entitled "Tests," the thrust of all propellers was 
matched to reduce asymmetries of flow across the wing span; however, upon inspection 
of the individual propeller thrust coefficients presented in figures 22, 23, and 26, it is 
evident that the thrust match did not hold constant for all wing-flap configurations tested. 
In view of the apparent importance of propeller-blade pitch angle previously discussed, 
it should be noted that this mismatch of thrust coefficient seems to be of small conse- 
quence as seen by comparing the stall patterns across the wing span (figs. 29 to 33), 
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although the variation from the nominal value indicates a propeller-blade pitch- angle 
change as large as 1.4° in some cases. 

Slats .- In anticipation of stall problems, the present design included leading- edge 
slats behind the up-going propeller blades for the configurations with the flaps 
deflected. During the present investigation an attempt was made to improve the stall 
characteristics between nacelles by increasing the span of the inboard slats. (S2, see 
fig. 8.) The large- span leading- edge slats gave a slight improvement in wing stall for 
i w = 20° at the lower thrust coefficients. (See figs. 24 and 31.) This improved flow 
increased the descent capability for i w = 20° from -6.5° to about -8.2° (fig. 39). 

Leading- edge chord- extension group. - Another device investigated to improve the 
stall characteristics was a 10-percent- extended chord leading edge with the nose 
drooped 10° (fig. 9). Comparison of figure 25 with figure 14(e) shows that the chord 
extension combined with leading-edge droop for i w = 40° and 6f = 60° reduced the 
abruptness and delayed the stall. The drooped-chord extension increased the descent 
capability at i w = 40° from -6.5° to about -15.0°. (See fig. 39.) 

CONCLUDING REMARKS 

An investigation of a four-propeller tilt-wing V/STOL transport configuration at 
transition speeds has indicated the following conclusions. 

The descent capability for the model is low but is considerably better at 60° flap 
deflection than at 40° using a propeller-blade pitch angle of 12°. The results show that 
the airplane would have a descent capability of approximately 6° based on stall indi- 
cated by tuft studies for the flap deflected 60°. Descent boundaries obtained from wind- 
tunnel tuft- stall values correlated well with boundaries obtained on a free-f light model. 
Preliminary results of flight tests of the full-scale airplane indicate that the airplane 
achieves appreciably higher descent angles (based on buffet) than indicated by model flow 
separation. At present there is no correlation between the degree of model flow separa- 
tion and airplane buffet. 

Considerable improvement in descent capability was obtained by drooping and 
extending the wing chord or by using a lower propeller-blade pitch angle of 8°. 

Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., November 3, 1965. 
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APPENDIX 


CONVERSION TO INTERNATIONAL SYSTEM OF UNITS (SI) 



U.S. 

Conversion 


Physical 

factor 

SI Unit 

quantity 

Customary Unit 

(*) 

Area 

C sq inch 

6.4516 

square meters (m^j 

sq foot 

0.0929 

square meters (m^) 

Density 

slugs/cu foot 

515.379 

kilogram/cubic meter (kg/ m^) 

Force 

lbf 

4.4482 

newtons (N) 


C inch 

2.54 

centimeters (cm) 

Length 

< inch 

0.0254 

meters (m) 


L foot 

0.3048 

meters (m) 

Moment 

foot-pound 

1.3558 

meter-newton (m-N) 

Pressure 

lb/ sq ft 

47.8803 

newtons/sq meter (N/m^) 

Velocity 

C mi/hr (U.S. Statute) 

0.44704 

meters/second (m/s) 

knot (Int.) 

0.51444 

meters/second (m/s) 

* 

Multiply value given in U.S. Customary Unit by conversion factor to obtain equi- 
valent value in SI Unit. 
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Thrust 


Lift 



(a) Complete model. 

Figure 1.- System of axes. Positive directions of forces, moments, and angles are indicated by arrows, 




Propeller thrust 



(b) Propellers. 
Figure 1.- Concluded. 


(86.40) 

34.00 



Geometric Characteristics 


Wing 

Area ,sq ft (sq meters) 442 (0.4 i) 

Mean geometric chord , inches (cm) 8.80 (22.34) 


Span , inches (cm) 
Dihedral , deg 
Airfoil 

Horizontal tail 
A rea, sq ft (sq meter) 
Airfoil 
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Figure 2.- Geometric characteristics of a l/ll-scale four-propeller tilt-wing VTOL model. Dimensions are given first in inches and parenthetically in centimeters; because of 

space limitations conversion to the International System of Units is not given for ah dimensions. 
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Figure 5.- Wing-fuselage ramps of the l/ll-scale tilt-wing VTOL model. Dimei 
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are given first in inches and parenthetically in centimeters. 





(a) Model out of ground effect. 

Figure 7.- Photographs of model in 17-foot test section of the Langley 300-MPH 7- by 10-foot tunnel. 
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Figure 8.- Details of wing leading-edge slats of l/ll-scale tilt-wing VTOL model. Dimensions are given first in inches and parenthetically 

centimeters. 




(42.93) 

- (6.9 diam. 



positions (6.99) 



I 


( 30 . 48 ) 

1200 

(15*24) 
6.00 

( ’ 
((5.24) ‘ 
6.00 


T (30.48) 

12.00 


Figure 10.- Location of pressure orifices on fuselage bottom of l/tl-scale tilt-wing VTOL model. Dimensions are given first in inches and 

parenthetically in centimeters. 




















(a) (CT,s)nom * °- 40 - 

Fiaiire 15 - Aerodynamic characteristics of tilt-wing VTOL model for various nominal thrust coefficients at several wing-incidence angles. i t = 20°; 
y ' Si Slat; p 75R = 12°: 7000 rpm; h/c = «; 6f = 60°. 
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Figure 16.- Concluded. 
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(a) Concluded. 
Figure 26.- Continued. 
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Figure 28.- Effect of aerodynamic pressure on fuselage bottom of a four-propeller tilt-wing VTOL model at zero velocity for several ground 
heights, a = 0°; i w = 90°; 6f = 0°; \\ = 20°; slat off; p ^ = 12°; 7500 rpm. 
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(b) Concluded. 
Figure 29.- Continued. 















Figure 31.- Flow patterns indicated by tufts on tilt-wing VTOL model at various thrust coefficients and wing-incidence angles, h/c = 
|5 7 5 R = 12°; it = 10°; i w = 20°; 6f = 60°; S 2 Slat. (See fig. 24.) 
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Figure 34.- Wing incidence - flap deflection program for tilt-wing VTOL model 








Pitching moment, M, meter-newton 


50 , 000 - 
O - 
- 50,000 - 
-/ 00 , 000 - 
- 150,000 - 


160,000 - 

| 120 , 000 - 


* 

5 : 




80,000 - 
40 , 000 - 
O - 



O 20 40 60 

Veloc i ty , V , meters/sec 


Figure 36.- Effect of horizontal-tail incidence on steady-level flight transition characteristics of assumed tilt-wing VTOL airplane. 
W/S = 70 lb/tt 2 (3350 newtons /meter 2 ); h/c = it = 20°; a = 0°. 
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Figure 37.- Comparison of descent boundaries obtained by several techniques for four-propeller, tilt-wing VTOL configuration, h/c = °°; a = -y ; w/S = 70 lb/ft 2 

(3350 newtons/meter 2 ). 
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Figure 39.- Effect of various configuration changes on angle of descent of assumed tilt-wing VTOL airplane. (Based on tuft stall.) w/s = 70 lb/ft^ (3350 newtons /meter?); 

a = -y; = 12°, except as noted. 
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